throughs towards domesticating Cuphea as a commercial source of MCFAs have led to the development 
S
ince the 1960s, it has been recognized that several of 1 g per m of row. Plots were constructed in a randomized species from the genus Cuphea (family Lythraceae) complete block design with three replications. Each plot conproduce seed uniquely rich in medium-chain fatty acids sisted of three 1-m rows spaced 0.25 m apart and oriented (MCFA) (Miller et al., 1964) . Medium chain fatty acids north-south. Before sowing each row, 1 g of seed (each seed weighs approx. 2.5 mg) was evenly mixed with a small portion such as caprylic (C8:0), capric (C10:0), lauric (C12:0), of washed sand to facilitate equally distributing the seed within and myristic (C14:0) are in high demand by the chemical a 1-m row. The germination rate of the seed used for the study manufacturing industry for production of soaps and dewas found to be approximately 24% at 25ЊC. Because only a tergents, personal-care products, nutritional and dietetic small quantity of Cuphea seed was available for the study, a products, lubricants, and related products (Thompson, row of soybean spaced 0.25 m on the east and west side of 1984). Presently, MCFAs used for these purposes are each plot was grown and pruned to the same height as Cuphea derived primarily from coconut (Cocos nucifera L.) and to reduce border effects. Plots were sown on 15 April, 1 May, palm kernel (Elaeis guineensis Jacq.) oils and petro-15 May, 1 June, and 15 June 1999 and 2000. Plots were manuchemicals (Thompson, 1984 (Graham, 1989) . Previous work by others (Hirha Ϫ1 of N-P-K were incorporated at one time to all plots into singer and Knowles, 1984; Hirsinger, 1985) indicates the upper 0.2 m of soil before the first sowing date. All plots that several Cuphea species exhibit favorable agronomic were hand-weeded until canopy closure. traits making them potential candidates for domestication. The largest barriers to prevent Cuphea from being Plant Sampling and Analysis produced commercially have been seed shattering, seed Across sowing date treatments, all three rows per plot were dormancy, and self-incompatibility, all of which are tyhand harvested at approximately 1000 GDD (ЊC d, with 10ЊC pical wild-type traits (Knapp, 1990 Sci. 42:1959 Sci. 42: -1965 Sci. 42: (2002 . 4.4ЊC colder than that for June of 1999 and 2000, respec-GDD units accumulated for each treatment between seeding and flowering, and emergence and flowering tively. Seed sown in April and May remained in the soil considerably longer prior to emergence than the June was relatively similar, ranging between 533 and 578ЊC d, and 445 and 500ЊC d, respectively (Table 1) . sowing dates (Table 1) , which may have caused poor germination and seed degradation.
In 1999, the growth of plants prior to flowering, on the basis of height versus accumulated GDD units from As shown in Table 1 , the number of days from emergence to flowering in 1999 ranged from 58 d for the 15 the time of emergence, tended to be highest for the second sowing date, while the first and fifth dates were April sowing date to 46 d for the 15 June sowing, generally decreasing with later sowing date. The number of similar to each other and remained lower than the other treatments throughout the experiment (Fig. 4A) . Interbranches per hectare were estimated by multiplying the mean values of these characteristics per plant, from Taestingly, at about 560 GDD, presumably during the time seeds were filling, the heights of plants across all treatble 2, by population density (Table 3) . On a land area basis, estimated aboveground biomass did not follow a ments were almost identical. The growth rate of plants sown 15 April initially lagged behind that of the other clear trend in either year except that the 1 May sowing was lower than the 15 April planting date in both years four sowing dates ( Fig. 4B ; the second and fourth sowing dates were omitted for clarity but were similar in re- (Table 3 ). The estimated number of branches per ha clearly declined with sowing date in 2000, but in 1999 sponse to the third and fifth dates). This was expected since they were the earliest to emerge and soil (Fig. 3) it increased slightly between the 1 May and 1 June and air temperatures (data not shown) were still quite sowing dates before decreasing again with the 15 June low. On the basis of regression analysis of the linear sowing (Table 3) . phase of growth, the growth rate of plants sown 15 April
Like dry matter accumulation and branching, the was significantly lower (P Ͻ 0.05) than the other four number of seed pods and seed weight produced per treatments, which were not found to differ from each plant were generally not different across the 15 April other (Fig. 4B) .
to 15 May sowing dates, but were distinctly higher than the 1 and 15 June (Table 4) . Seed size, based on 1000 count seed weights, was greatest for the 1 May and 15
Growth and Yield Components
May sowing date in 1999, and 15 May and 1 June in Sowing date significantly influenced several growth 2000, while size decreased with earlier and later sowing and yield characteristics of plants. Generally, Cuphea dates (Table 4) . In 2000, the number of seeds per pod sown before 1 June resulted in plants that accumulated did not significantly differ across sowing dates (Table 4) . a greater amount of aboveground dry matter by harvest Total seed oil content, which was similar in magnitude than those planted 1 and 15 June (Table 2 ). This was between years, was affected by sowing date in 1999. Oil likely due to branching, which also tended to be greater content was greatest for the 15 May sowing and was as for the first three sowing dates (Table 2 ). There was no much as 44 and 25 g kg Ϫ1 higher than 15 April and 15 clear trend in the response of plant height to sowing June sown plants, respectively (Table 4 ). In 2000, the date, except that the 15 June sowing consistently reseed oil content was greatest for 1 June sown plants and sulted in shorter plants. Leaf area index (LAI) values not found to differ among the other four treatments, were quite large both years. Leaves form as opposite pairs on the stem and branches of Cuphea and begin competition. Aboveground biomass and number of although again the earliest sowing date tended to have tion and emergence resulting from cold soil temperalow oil content (Table 4) . Seed of Cuphea varieties detures throughout April and May (Fig. 3) . veloped from crossing C. viscosissima and C. lanceolata High plant densities can lead to greater interplant are particularly rich in capric acid (C:10) (Knapp, competition for available environmental resources such 1993b). A profile analysis of seed oil from the 1999 as light, soil moisture and nutrients (Adams, 1967 
DISCUSSION
more branches prior to diverting plant resources into In west central Minnesota where this study was consetting seed. ducted, optimum growth and yield of Cuphea (PSR23) Increased population for the 1 and 15 June sowing was achieved by sowing in early to mid May. This seeddates, on a land area basis, compensated for the reducing period is similar to that found optimum for production of biomass per plant (Table 3) . Additionally, popution of early maturing soybean cultivars (i.e., maturity lation density for the later two sowing dates compengroups 00-I) grown in the northern Corn Belt region. sated for reduced branching per plant in 1999, but not Higher seed yields of Cuphea planted in May were in 2000 (Table 3) . However, population density did not largely due to a greater number of seed-pods and mass fully compensate for seed yield loss by reduced plant of seed produced per plant ( Fig. 1 and (Table 4 ) plants produce seed pods on their branches and main were used to calculate the mass of seed on an area stem (Graham, 1989) . The higher number of pods per basis, accounting for population, the yields were slightly plant in the present study was primarily due to greater higher but the trends similar to those shown in Fig. 1 . branching (Table 2 ). However, there was a relatively During the 1999 growing season, plant height inhigh degree of variability among individual plants, creased with sowing date up to 1 June and then sharply which may in part have been due to uneven plant densideclined with the 15 June sowing ( Table 2 ). The reties, and Cuphea's semidomesticated nature (Knapp and sponse was not as clear in 2000 although plants seeded Crane, 2000) . Also, border effects due to small plot size 15 June were much shorter than those of the other may have introduced variability. In both years of the treatments, which could have been due to reduced latestudy there was a distinct decline in most plant growth season growth caused by unusually hot and dry condicharacteristics as well as seed yield when sowing was tions. Despite generally shorter plants for early-sown delayed until 1 June.
Cuphea, they consistently formed more branches and Sowing date significantly influenced plant stand espods per plant than those planted in June. Sowing date tablishment. Stand establishment for the 1 June and 15 effects on Cuphea morphology are somewhat similar June sowing dates was significantly greater than the to that of soybean. April sowing of both determinate earlier three dates (Fig. 2) and coincided with rising soil (Beatty et al., 1982) and indeterminate (Akhter and temperatures (Fig. 3) . Low population densities for the earlier sowing dates were likely due to poorer germinaSneller, 1996) cultivars of soybean has been shown to promote more branches and pods per branch than sowmaturing soybean. Further agronomic and genetic research, however, is needed to optimize management ing in June. Akhter and Sneller (1996) note that the protocols before Cuphea can be commercially produced. branching response to sowing date is greater in indeterminate than determinate soybean cultivars. Also, Beatty
